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THE INERT DOUBLET MODEL (IDM)

+ Motivation
+ The Theory

+ Its Dark Matter
Phenomenology
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The The Or y [Deshpande, Ma "78; Ma “06; Barbieri, Hall, Rychkov ‘06]

* a & Scalar Doublets: H; Ha>

+ with unbroken Z; symmetry: Hz is odd, SM particles even

Most general
scalar potential:

Z, symmetry:
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L—) ‘Inert doublet’: Hz has no vev, nor couplings to SM fermions
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[e.g.: the 4 masses, AL and the self coupling Az]



Constraints |

Theoretical:
+ Vacuum stability: Mo > 0,
/“.3,13+/ﬁ\.4—|2.5| > =24/ A A

+ Perturbative: A2+ (A3 +4)2+A2 < 1242
A < 1.
+ By construction: No CP violation, nor tree-level FCNC

or )\'1, g [1,471']

Colliders, LEP I+II:
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Constraints
ElectroWeak precision tests (EWPT):

if low ‘SM’ higg€s mass ->check no IDM contributions enters
if high ‘SM’ higgs mass -> check IDM loop contributions compen-
sate to achieve agreement with EWPT

E.g. mn= 500 GeV = (My+ — My)(Mp+ —My) = M?, M = 12015.GeV
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IDM as the Dark Matter

If HO or AC is the LIP

Z,-parity —» Lightest Inert Particle (LIP) |
is perfectly stable

WIMP dark matter candidate!

For simplicity: choose H° as the LIP...
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IDM as the Dark Matter I1

Annihilations into gauge bosons (strong):

o If kinematically accessible
H, . (2) Ho. W+ (Z) HO _______ 1\/\/‘\11_*_ (Z) l
\\‘~ ~‘~‘~’---I}-- E H_ (440) . . .
i Relic density typically too low
H, g W (2) Hy’ w-(z) Hy -l\/\/‘\f*— (Z) to explain all dark matter...
(+ 3 body final state implications. [Honorez, Yaguna, 1003.3125]) (Also a ~TeV mass DM region)

Annihilations into fermions (weak): | Coannihilations into fermions:

H()~ f (/)
. h < HO\\ Z(W+) f
HO' f Ao(H+) ];

AL If heavy I
Amplitude ~ —— N Coannihilations can
= mp, ‘/})Gev lower the relic density!
Relic density typically too high... A LIP lighter than ~80 GeV
(Also a ~10-80 GeV mass DM region can provide all the dark matter

if light ~120 GeV SM Higgs)



Indirect Dark Matter Detection

Photons

() Neutrinos

Dark matter - I
annihilation ntiprotons

@ Protons

Dark matter particles annihilate

.... and inject an energy E = 8 mpnc? into SM particles
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Gamma-rays from Dark Matter
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IDM gamma-ray signal

In the IDM the continuum Whereas loop processes can
spectrum 1s suppressed: give strong lines:
HO‘ f ~ " R W y
“. h Hadronization 0~ Monochromatic
e i i -_— H ~ W

Ho/ f Y W
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IDM gamma-ray signal

In the IDM the continuum Whereas loop processes can
spectrum 1s suppressed: give strong lines:
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IDM confronting Fermi-LAT data:

No monochromatic line yet detected by Fermi-LAT (1 year):

. Upper limits: annihilation rates
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http://arxiv4.library.cornell.edu/find/astro-ph/1/au:+Collaboration_Fermi_LAT/0/1/0/all/0/1
http://arxiv4.library.cornell.edu/find/astro-ph/1/au:+Collaboration_Fermi_LAT/0/1/0/all/0/1
http://people.roma2.infn.it/~glast/A225.Fermi.Lines.PRL.pdf
http://people.roma2.infn.it/~glast/A225.Fermi.Lines.PRL.pdf

Neutrinos
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HC° capture in the Sun (or Earth)

—> annihilations ¢ into’ neutrinos
—> detection of neutrino induced muons



Confronting IDM with neutrino data
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IDM not very constrained by neutrino data

See also Agrawal, Dolle, Krenke, 2009 [0811.1798]



Antiprotons and positrons
pand e’ from DM annihilations in halo

Annihilation into charged particles
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Antiprotons and positrons
»and ¢’ from DM annihilations in halo

Annihilation into charged particles
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Positrons and anti-protons
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Weak positron signal
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Direct Detection searches

Dark matter particles elastically scatter...

.. off a nuclues

Low background (deep underground) detector

searching for the recoil energy

21



Direct Detection:
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The Inert Doublet Model:

+ a phenomenological rich model despite its simplicity

+ Provides a good dark matter candidate with reachable
astrophysical signals:

- Striking Samma-ray line
- Direct detection prospects
- Antiprotons, neutrinos, positrons signals?

+ INo conclusive detection of beyond SM particles:
- Limits on the IDM’s parameters
- Still room for interesting signals and
upcoming astrophysical detections

Michael Gustafsson, INFN/Padova cHarged 2010
Uppsala Sweden, September 28, 2010
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